This study was conducted to estimate true incidence of the total number of cancer cases and of cancers at selected sites in the population of Aichi Prefecture, Japan, using the degree of completeness of registration (CR). Information on incidence (I ), death (D), and cases first notified via death certificate (DCN) was based on the data from 1976 to 1993. Using this information, CR for each cancer site was calculated by gender and a 3-year period of diagnosis [CR=(1-PDCN I/D)/(1-PDCN), PDCN: proportion of DCN cases]. The true number of incident cases and incidence rates (estimated incidence rate: EIR) were then estimated from the number of cases observed and from CR. CR for all sites of cancer was 62-78 percent in males and 54-72 percent in females, and CR was higher in cancers with low I/D ratios than those with high I/D ratios. Annually, about 2,500-3,000 cases in each gender were unreported. The EIR of all sites was estimated at 252-280 in males and 213-207 in females compared with the incidence rates observed (observed Incidence rate: OIR) as 157.0-218.6 in males and 115.3-149.2 in females. OIR was closer to the EIR for cancers with low I/D ratios than those with high I/D ratios. These values are important for planning and evaluating cancer control strategies in the population. J Epidemiol, 1998; 8 : 60-64. cancer incidence, cancer registry, DCN, completeness of registration Population-based cancer registration has been the only way to obtain information on cancer incidence on a population basis, and thus it plays a crucial role in cancer control. The operation of population-based cancer registries varies according to population size, funds and manpower available for oper-
ating the registries, and local laws and regulations. These factors affect the quality of the registered data, although it is obviously desirable that the registration of cancer cases be as complete as possible 1).
In Japan, population-based cancer registries are organized by local governments and not the national government. Aichi Cancer Registry was established in 1962 as a population-based cancer registry. The population of Aichi Prefecture was estimated at 6.9 million in 1995, therefore this registry covers one of the largest population sizes in Japan, and, indeed in the world. However, due to the large population and lack of manpower, its quality has not reached the level required internationally. Thus, it has been suggested that the incidences estimated by the sum of registered cases and cases first notified via death certificate (DCN) are relatively low, compared with those produced by other reliable registries. For such registries with insufficient quality, some method of estimating the true incidence rate is needed.
Completeness of cancer registration (CR) is defined as the extent to which all the incident cancers occurring in a target population are included in the registry data2). There are various methods of evaluating CR, including cases with death certificate only (DCO), DCN, ratio of incident cases to deaths (l/D ratio), and so forth. Previous studies have assessed several methods to estimate CR, using DCN as a measure of completeness 3), capture-recapture method4), and comparison of methods above 5).Other studies have tried to estimate cancer incidence using indicator of the completeness such as trace-back cases 6,7 DCO and I/D ratio 8,9).
The proportion of DCN cases is regarded as an indicator of CR. DCN cases are detected first when death certificates are matched with registry case files. After these cases have been traced back, and those generating further information from hospitals or physicians which is sufficiently strong as to warrant registration has been excluded, the residue of cases, with no information other than death certificates are registered as DCO. When DCN cases are not traced back, DCN and DCO cases coincide. When they are traced back, DCN cases exceed DCO cases, as they form the subgroup of DCN cases with information gathered in the trace-back.
Information on the proportion of DCN cases enables us to calculate CR2,3. CR, here, is defined as the proportion of the observed incident cases (the sum of registered cases and DCN cases) among the true number of incident cancer cases in the population. Theoretically, it is possible to estimate the true incidence by knowing the observed incidence and CR.
However, estimation by this method has not been conducted previously in Japan. In Aichi Prefecture, the proportion of DCN cases for each cancer site has been available for every year since 1976, and this enabled us to estimate the true incidence. The present study, thus, tries to estimate the true incidence of the total number of cancer cases and cancers at selected sites, using CR. This study also provides useful information on the ability to estimate true incidence by making use of CR.
MATERIALS AND METHODS
The materials are the data on cancer incidence in Aichi Prefecture, Japan, from 1976 to 1993. These materials have been derived from annual reports of cancer incidence in Aichi Prefecture 10). Numbers for incidence, deaths, and DCN cases are obtained for total cancer and cancer at selected sites as available in the reports: that is, esophagus, stomach, colon, rectum, liver, biliary tract, pancreas, lung, and leukemia in males, stomach, colon, rectum, liver, biliary tract, pancreas, lung, breast, uterus, ovary, and leukemia in females. The International Classification of Disease, 9th revision (ICD-9) 11) was used to classify these sites.
In Aichi Cancer Registry, there is a two-year time lag between the year of diagnosis and determination of DCN cases of cancer (ICD-9: 140-208) of the year. DCN cases were not traced back. If DCN cases are determined before the arrival of notification, these cases are considered DCN cases when cancer incidence reports are provided. Incidence and deaths were available by gender, age-group and cancer site, while the number of DCN cases was available by gender and cancer site. The population of Aichi Prefecture was defined by gender and age group according to annual vital statistic reports for Aichi Prefecture 12). The study period was divided into six 3-year periods to expose the trend: 1976-1978, 1979-1981, 1982-1984,1985-1987, 1988-1990, and 1991-1993 .
The proportion of DCN cases and I/D ratio were calculated for each period by gender and cancer site using the data mentioned above. Then the degree of completeness of registration was calculated for gender and cancer site. Since the proportion of DCN cases during the study period in Aichi Prefecture was above 10 percent on the whole, a modified formula proposed by the Osaka Cancer Registry13), rather than that proposed by the International Association of Cancer Registries (IACR) 2) was applied in this study: We defined a, b, c, d as follows; a: Since age-specific values for CR were not available, we assumed that CR was uniform for all age-groups. Thus, the number of true incident cases was estimated by dividing observed incident cases by CR. Age-specific incidence rates were calculated for the study periods by gender and cancer site, and standardized using the world standard population as a standard. The true incidence rates (estimated incidence rate: EIR) by gender and site were estimated by dividing the observed age-standardized incidence rate (observed incidence rate: OIR) by CR. Table 1 shows the time trends in the proportion of DCN, I/D ratio, and CR of the total number of cancer cases and of cancers at selected sites. CR for all cancer sites was 62-78 percent in males and 54-72 percent in females. In males, it was high for cancer of the esophagus, biliary tract, pancreas, and lung, and low for cancer of the stomach, colon, and rectum. In females, it was high for cancer of the biliary tract, pancreas, and lung, and low for cancer of the colon, breast and uterus. As a whole, it was higher in cancers with low I/D ratios than in those with high I/D ratios. Table 2 shows the difference between the numbers of observed annual incident cases and true annual incident cases estimated during the study periods. Annually, an estimated 2,500 male cases and 3,000 female cases were unreported.
RESULTS
They were unregistered cases which did not die. The estimated Table 1 . Time trends in the proportion of cases first notified via death certificate (DCN) , ratio of incident cases to deaths (1/D ratio), and the degree of complateness of registration (CR) of the total number of cancer cases and of cancers at selected sites in Aichi Prefectire. Janan r number of cases missed depended not only on the I/D ratio or CR, but also on the number of cases. Table 3 shows the time trends in the OIR (per 100,000 person-years) and EIR (per 100,000 person-years), estimated by CR of total number of cancer cases and cancer at selected sites. The EIR for all sites was estimated as 252-280 in males and 213-207 in females compared with an OIR reported as 157.0-218.6 in males and 115.3-149.2 in females. The OIR was closer to the EIR for cancers with low I/D ratios than to those with high I/D ratios.
DISCUSSION
The purpose of this study was to estimate the true incidence of the total number of cancer cases and of cancers at selected sites in the population of Aichi Prefecture, Japan, using CR.
CR is the proportion of observed incident cases by the sum of registered cases and DCN cases among the true number of incident cases in the population. Theoretically, the true number of cases in the population consists of cases notified and registered, DCN cases not notified during the lifetime of a patient, and unregistered cases those assumed not to result in death2). In reality, we are unable to know the number and the proportion of the unregistered cases who do not die. If it is relatively easy in the population to reduce the proportion of DCN cases to a sufficiently low level, the incidence by the sum of registered cases and DCN cases approaches to the true incidence level. But if it is relatively difficult, other methods of estimation of true incidence level are needed.
In this study, the modified formula proposed by the Osaka Cancer Registry13) rather than that proposed by IACR2) was used. The formula proposed by IACR is approximates to the former formula when the proportion of DCN cases is relatively small, smaller than 10 percent, for instance . We suggest, therefore, that the formula used in this study is more appropriate for Aichi Prefecture where the proportion of DCN cases has exceeded 10 percent as a whole. On the other hand , the proportion of DCN cases in Aichi Prefecture has changed remarkably since 1976. It is not known to what extent the estimated actual incidence rates may have been distorted by such a large varia- tion in the proportion of DCN cases over the study period, for it is impossible to know the exact number or the proportion of these missed cases who are unregistered and do not die. Data on DCN cases were not available by age-group, which was one methodological issue in this study. Since this information was unavailable, we assumed that the proportion of DCN was uniform for all age-groups. But in fact, it may be that the proportion of DCN cases is larger in older age groups than in younger age groups, and therefore, in cancers with a large proportion of older patients, the crude proportion of DCN cases may be larger than would be an age-adjusted one. In this case, the crude UD ratio may be smaller than would be an ageadjusted ratio. CR is affected by both the proportion of DCN cases and the I/D ratio, both denominator and numerator, in both positive and negative directions. Thus the interpretation of results is not a simple matter.
In spite of several limitation mentioned above, CR will be a useful tool to estimate the true cancer incidence in a population-based cancer registry. These values are of great importance in forming cancer control strategies, by which it is possible to estimate the burden of cancer, and to evaluate the needs and demands of the health services in each population. Table 3 . Time trends in the age-standardized* observed incidence rates (OIR) and true incidence rates estimated by the degree of completeness of registration (EIR) of the total number cancer cases and of cancers at selected sites in Aichi Prefecture, Japan .
*by the world population
